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(57) ABSTRACT

An 1mnformation processing apparatus configured to paste a
tull-spherical panoramic image along an mner wall of a
virtual three-dimensional sphere; calculate an arrangement
position for arranging a planar 1image closer to a center point
of the virtual three-dimensional sphere than the inner wall,
in such an orientation that a line-of-sight direction from the
center point to the inner wall and a perpendicular line of the
planar 1mage are parallel to each other, the planar 1image
being obtained by pasting an embedding 1image to be embed-
ded 1n the full-spherical panoramic 1image, on a two-dimen-
sional plane; and display a display image on a display unit.
The display image 1s a two-dimensional 1image viewed from
the center point in the line-of-sight direction 1n a state in
which the full-spherical panoramic image 1s pasted along the

(Continued)

START
rS100

ACQUIRE DISPLAY TARGET

8102

PASTE

_r8104

ACQUIRE EMBEDDING IMAGE

fsma

GENERATE PLANAR IMAGE

IS’IQS

ARRANGEMENT :

5110

ARRANGE

DISPLAY :

3112




US 10,692,409 B2

Page 2
inner wall of the virtual three-dimensional sphere and the (56) References Cited
planar 1mage 1s arranged at an arrangement position. _
U.S. PATENT DOCUMENTS
11 Claims, 14 Drawing Sheets 2014/0210940 A1* 7/2014 Bames ............. HO4N 5/23293
348/36
2015/0077416 A1* 3/2015 Vilmer ................ GO02B 27/017
345/419
(51) Imt. CL . .
HO4N 5/225 (2006'03‘) JP 10-334272 12/1998
HO4N 5/262 (2006.01) IP 2004-214830 7/2004
GO6K 9/32 (2006.01) JP 2007-089111 4/2007
GO6T 5/00 (2006.01) JP 20153-198062 9/2013
GO6T 5/50 (2006.01) JP 2014-1657764 9/2014
GO6T 15720 (2011.01)
HOIN 5/232 (2006.01) OTHER PUBLICATIONS
(52) U.S. ClL Written Opinion of the International Searching Authority PCT/ISA/
CPC GO6T 5/006 (2013.01); GO6T 5/50 537 g5 1nternational Application No. PCT/JP2016/061059 dated

(2013.01); GO6T 15/205 (2013.01); HO4N Jun. 28, 2016.

5/2258 (2013.01); HO4N 5/2628 (2013.01); Extended European Search Report dated Feb. 20, 2018.
HO4N 5/272 (2013.01); GO6T 2207/20221 Chinese Oflice Action dated Jul. 3, 2019.
(2013.01); GO6T 2215/06 (2013.01); HO4AN

5/23238 (2013.01) * cited by examiner




S. Patent

un. 23, 2020

* ok ok ok ok ko ko kb ko k ko k ok ok ko kb kb ko kb ko F

* + + ¥ F F+ F FFFFFFFFEFFEFFAFEAFEFFEFEFEFEFEFFFAF
+ + + F F F FFFFFFFEFFFEFFFEFFFEFF A F

+
+
+ + + + + + *+ + + + + + + + +

mpminiininiaininynnininin)s
LA A I 0]
i miwi e iwynnin
OO0
O {0 0 —

+ * + + + + + F+ ++++ A+ttt ettt

L I B AL B D B DL DT DL RO L B BN B B
+ + + + + + + + + + + + + + + + o+

Sheet 1 of 14

+ + + + + + + + + + + + +F + + A+

12

* + + ¥ +F + F FFFFFFFFFFFFF

+ + + F FF ot F A F
+

+

+ 4+ + F + R+

+ + + +

S 10,692,409 B2



U.S. Patent Jun. 23, 2020 Sheet 2 of 14 US 10,692,409 B2

FIG.2A

FI1G.2B




U.S. Patent Jun. 23, 2020 Sheet 3 of 14 US 10,692,409 B2

T L]

: . | L]

I. - - +

+ 1 4 L]

'I‘-: 'I-ll L} .

. I. - . L]

N -1 r n L]

L LY

L | L] L 11-“

: 2 | ' B B LI

O B ?*; | ; : ] ‘
. b

L] - .

" ‘mo

- rll' L]

I L]

r .

14



U.S. Patent Jun. 23, 2020 Sheet 4 of 14 US 10,692,409 B2




U.S. Patent Jun. 23, 2020 Sheet 5 of 14 US 10,692,409 B2

+
-
L4
-
T
T
T
+
*
+
*
o
v ¥

424




U.S. Patent Jun. 23, 2020 Sheet 6 of 14 US 10,692,409 B2

F1G.4C0




S. Patent un. 23, 2020 Sheet 7 of 14 S 10.692.409 B2

* + F ¥ F F F FFFFFEFFAFFFEFEFFEAFEFFEEFEFFEFEFFEAFFEAFEFFEFEAFEFEFEAFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEEFEFEFEFEFEFEFEEFEFEFEFEEFEFEFEEFEFEEFEFEEFEFEEFEFEFEFEFEEFEFEFFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFFFEFEFFEEFEEFEFEEFEFEEFEFEFEFEFEEFEFEFFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFFEEFEFEEFEFEEFEFEFFEEFEFEEFEFEFEFEFEFEFEFEFFEFEEFEFEEFEFEFE R FH

+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ +
+
+ +
+ + +
+ + +
+ + +
+ + + +
+
+ +
+
+ +
+
+ +
b +
+ +
+
+ - + +
+ + + +
+ + + 4
+ + "4 +
+ +
+ + -+ *
. +++++++++++++++++++++++++++++++++ + + + + + + + + + F +F F +F A FEFEF S + + + + + + + + + + +F + + F + +F o FFEFFEFEFEEEFEEFS + + + + + + + + +F + + + + +F F +F F FFFFFEFEFEFEFEFEEFE T + + + + + + + + + +F + + +F +F +F F A FEFEFEFEFEFEEFEFEEFEEEEEEE +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
H +
+ +
+
+ +
+
+ +
H H H H +
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ + + + + + -
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
"4 +
+ + + + + +
+ + + + + -+ *
. LA I N N NN N E RN BN BB BB BB EEBEEEBEEBEEBEEBEEBEBERBEEREEEBEEREBEEEBEERBREREBEREBEEREBEBERBEBEERBEEEBEBEBERERBEBEREBREEBEEBEEBEEBEEEBEERBRBEREBEEBEBEBEBEEEBEEBEERBREBEREBBEBEEBEBEBEREBEBEEEBEREEBEREBEREBBEBEBEEBEEEBREBEREBEEEBEBEEEBEBEBEBEBEEEBEEREBEREBEEEBEREBEBEREBEEBEREEBEEBIEIEIEINBIEINIEEIIEIIEZS, +
+ + +
+
+ + +
+
+ + +
+
+ + +
+
+ + +
+
+ + +
+
+ + +
+
+ + H +
+
+ + +
+
+ + +
+ +
+ + +
+
+ + +
+ +
+ + +
+
- + + + + + + +
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
* + + + + +
+ [ + 4
. + H + + + +
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
+ + + + +
+
- + + + + +
. + + + + + + F+ + + + + + A F A+ + 4+ + + + + + + + + +F + + F +F o FFEFFFEFEFEEFEFEFEFEEEEEEE + + + + + + + + + +F +F + +F +F +FF A FEFEEFEFEFEEEEEEE +
+ +
+ + +
+ + ¥ +
+ + + +
+ + + + +
+
+ +
+
+ +
+
+ +
+
+ +
+
+ H +
+ + + +
+ + + +
+ + +
+ +
+ + +
+ +
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
. + +
L] * *
+
+ +
+
+ +
* +
+* + + + + F FFFFFFFEFFEFEFEFEFEFFEFEFFEFFFEFEFFEFEFFEFFEFEFEFFEFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEFEFEFEFEFEFEFEFFFFFH * + + F ¥ + ¥ ¥ + * ¥ + F ¥ F FFFFFFFFF

+

CORDING
MEDIUM

+ + + + + + + + F F F F A+t FFFFFEFFFEFFFEFF

+ + + + + + + + + + + F F F FFEFFFEF



S. Patent un. 23, 2020 Sheet 8 of 14 S 10.692.409 B2

14

+++++++++++++++++++++++++++++++++-I--l--l--l-++++++++++++++++++++++++ +++++++++++++++++-I-+++++++++++++++++++++++++++++++++++
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
i +

+ + +
+ +

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ H H + +
+

+ + +
+

+ + +
+*

+ + +

* + + F F FF o FFFFFFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFFEFF +-I-++-I-++-I-++-I-++-I-++-I-++-I-++-I-++-I-++‘I-++++++++++++++++++++++++

+
+

+
+

+
+

+
+

+
+

+
+

+
+

- +

++++++++++++++++++++ +

+
+

+

H H H H H + H H

+
+

+
+

+
+

+
+

+
+

+
+

", .
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+ + + ¥ + + *+ + + F 4+ttt

+ + +
+

+ + +
+

+ + H +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +
+

+ + +

+ + + + + + A+ F
* + + + + + S

+

+ + * + + + + +
+ + + + + + + + F + + F + FFFFFFFEFEEEES

+ + + + + + + + + + + + + + + F + At FEFFEFEFEFEFEFE A EFEE + + + + + + + + + + + + + + + + +F + +

+
+ + + + + + + + + + + + + + + F + At FEFFEFEFEFEFEFE A EFEE

GENERATING
UNIT

* + F F F o+ FFFFFFFEFFEFEFEFFEFFFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEEFEFF

* + *+ + + + + +F F F FFFFFFFFEFFFEFFFEFEFFEFFEFEFEFFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEEFEEEEF

CALCULATING
LINTT

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+ + + + + + + + + + + +F + o+

+
+ + + ¥ + + + + + F+ ++t ottt ottt ottt

DISPLAY
CONTROL UNIT




S. Patent un. 23, 2020 Sheet 9 of 14 S 10.692.409 B2

+ * + + + + + + +

+

+ + + + + + + + + +
+ +
+
+ + + +
-

{ _—A40, 42)




U.S. Patent Jun. 23, 2020 Sheet 10 of 14 US 10,692,409 B2

F1G.Y

OO BUILDING#*—~——44

WA PR AP W TR AR A PU O APY W PR AP O PR WP W PR W ol wa R A



S. Patent un. 23, 2020 Sheet 11 of 14 S 10.692.409 B2

+
+ +
+
+
+
+
+
+
+
+
+
+
+
+
*
+
+
+
+ + -~ +
(EE EN ENE BEd N EE i3I BN EE B R AN R R R R IR ST NN -3
+
+ +
+ +
+
+
&
+ +
+
+ +
+
+ +
i +
+
+
+ + +
+ +
+ +
+
+
+ + +
+
+
+ +
+ ¥
+
+ +
+ +
+
+ +
+
+
+ + +
+
+
+
+ +
o | + +
+
+
+
+ +
i + +
+
+
+
+ +
+ + +
+ +
+
+
+
+
. ] .
+ +
+ +
+
+
+
+
+
+
+
+
+
+
+ +
+ ’ +
+ + +
+
R Y ﬂln--"m“"m*"““"““m““m““mmnm“ ++.|.+ &
+ + +
+
+
* i
+
4 .
+
+
. : .
+
] .
+ +
+
+
+ +
o+
+
+
+ i +
’ *
+ +
-+
: i .
+
+ + + +
'+
+
+
+ +
+
+
+ +
+
+
+
+
+
+ +
+ +
+
+
+
+
+
+
+
+
+
+
¥
+
¥
¥
+
+
¥
+
+
+
+
&
.
+
+
+
+
+ +
+
+
+ +
+
+ +
+
+ +
+
+ +
+ +
* +
+ +
+ +
+ +
+ +*
+ +
+ +
+ + + +

+ + + + + + + +



U.S. Patent Jun. 23, 2020 Sheet 12 of 14 US 10,692,409 B2

16(18C)

46(44)

48

4@




U.S. Patent

Jun. 23, 2020 Sheet 13 of 14

G.12

+ + + *+ + + F F FF FFFFFFEFEFFEFEFEFEFFEFEFEFFEFEFEFEFEFEEFEFEFEEFEEEFF

+ +
F + + F F F o+ FFFFFFFEFFFEFFEFEFFEEFEFFEFEFEFEFEFEFEFEFEFEEFEEEFEEFEFEEFFFFF
L N N N N L N L R O L O L D
+ + + F + + F F F F F FFFFFEFFFEFAFEFEFFEFEFFEFEFEFEFEEFEFEFEFEEFEFEFFF
+

| ~S100

+* + + + F F F FFFFFFFFFEFFFFFFEFEFFEFFEFEFEFEFEFFEFFEFEFEFEFEEFFEFEFEFEFEFEFEFEFFEFEFFEFEFFEFEFEFEEFEFEEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEEEFEFEE R FF

* +

+
+ +
+

+
+ +
+*
+ +
+
+* +
+
+ +
+*
+ +
+
+ +
+
H + +
+*
+ +
+
+* +
+
+ +
+*
+ +
+
+* +
+
++++
+ + + + + + + + + F + +Ft ottt ottt ottt ottt ottt ottt
+* + + + F F FFFFFFFFFFEFFEFFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEFEFFEEF
L L I I O R L O L R L L D O D O D L L L O D

+

5102

+*

+

*+ + + ¥+ +

+ + + F ¥ + F ¥+ F o+
+ + + + + + +

+

+* +
+

+ +

+

+
+

+*
+

LN
+ +

+*
+

+*
+

ARRANGEMENT
POSITION CALCULATION

+* L N L I L R O D O N O B L L U D D L D L L D O N O I I L L O D I D D L L L * + + #
+* + + ¥ F F F F FFFFFEFFFEFFFFFFEFFFEFEFEFEFEFEFEAFFEFEFFEFEFFEFEFEFFEFEFFEAFFEFEFEFEFEFEFEFEFEFEFEFEFEEAFFEFFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEAFFEFFEFFFEFFEFEFFEFEFFEFEFFEFEFEFFEFFEFF T
* + F ¥ F F F FFFFFEFFFFEFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFFFEFEFEFEEFEFEFEFEFEEFEEFEFEFF T +++-I-++-I-++-I-++-I-++-I-++-I-+++++-I-++-I-++-I-++‘I-++‘I-++++++++++++++++++++++++

5110
ARRANGE

+ + + ¥ F F F F FFFFFFFEFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEAFFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEEFFEFFFH + + ¥+ ¥ + ¥+ +
LI L L I I R O D L R L R O D L D O D R D O B L R I I L L L R L D O L B O
+* + + ¥ F F F F FFFFFEFFFEFFFFFFEFFFEFEFEFEFEFEFEAFFEFEFFEFEFFEFEFEFFEFEFFEAFFEFEFEFEFEFEFEFEFEFEFEFEFEEAFFEFFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEAFFEFFEFFFEFFEFEFFEFEFFEFEFFEFEFEFFEFFEFF T
+

, 9112

+*
+

* * + + + +
+ + + + + +

+*
+

+ +

+
+ + F ¥+ + F ¥ +F F F FFFFF
+ +

+

+ F + o+
+ +

* * + + * +
+ + ¥+ ¥ + +
+ + + + + + +

* * + + + +
+ + + ¥ ¥ + +
+ + + + + +

+*
+

+*

+ +

+

+ + ¥+ ¥ + ¥+ + +

DISHLAY

+ + + + F + F F F FFFFFFFEFFFFFFEFFEFEFFEFEFEFEFFEAFEFFEFEFEFEFEEAFFEFEFFEFEFEFEFEFFEFEFEFEFEAFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEEFEFEEFFEFFFH
* + F ¥ F F F FFFFFFFFFFEFEFFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEEFEFEFEFEEFFEFFEFFEFFFFFFF
+++++++++++++++++++++++++++++++++++++++++1-1-1-1-1-1-1-++++++++++++++1-1-1-++++++++++++++++1-1-1-1-1-1-1-+++++++++++++++++++++++++++++

* + + F ¥ +F F F FFFFF
+

+ + + ¥+ + +

+
* kb ko

+*
+

+ + + + +
LA L L N B L I I I D O D L L L R R D N D B
+ + + + F F F o FFFFFEFFFEFFFEFFFFFFEFFEFEEFEFEFEFEEFEFEFEFEFE A FF
+* + + + + + F + F o FFFFFFEFEFFEFEFFFAFEFEFEFEFEFEFEFEFFEFEFEFEEFFEFFFE
LI NN NN N RSB BB EEBEEBEEEBEEEBEEBEEEIMEBEIEMNIEIEZIEIEZIM:ELE.].

US 10,692,409 B2



S. Patent un. 23, 2020 Sheet 14 of 14 S 10.692.409 B2

G.13

+ + + &+ + + + + + F F At FFFEFEFEFEFE At EF

"

+
+ +
L
+ +
+ +
+ + +
+ +
+ +
+ +
+
+ + +
+ +
+ +
+ +
+ + +
+

+
+
+
+ + + +
+ + F F F o+ FFFF A FF A FFFEFFFEFFEFFEFEFFEFEF A F

+ * + + + + + ++ ++++F+F A+ttt
* + + ¥ F + F FFFFFFFFEFFEAFFFEAFEFFEFEFEAFEAFFEAFEFEFEFEFEFEFEAFEFEFEFEFEFEF A

- 5200

* + + + + + + F F FF FFFFFEFFFEFFFEFFFEFEFEFEFFEFEFEFEFEFFEFEFFFEFEFEFEFFFEFFFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFFEFFFEFFEFEFFEFEFFFEFEFEFEFFEFEFF A FFFEFFFEFFFEFF A F

ACQUIRE SIZE

* + + F F F o FFFFFFFFFFEFFFEFFEFEFEFEFEFEFEFEFEFEAFEFFEAFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEAFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEAFEFEFEFEFEFEFEFFEFEEFEF
+ + + F F o FFFFEF A FFE A FFFFEFEFFEFEFEFEFFE A FFFEFEFFEFFEFFE A FFE A FEFEFFEFEFEFEFFEFEFFE A FEFEFFEFEFFEFE A FEF A FFEFEFFEFFE A+
+ + + + + + + F+ ++F+ Attt +++ ++ + ¥+ + + ++ ++ e+ttt ottt

5202

+
+ *+ + + + + + + + + ++ ++ + + F+t ettt ettt ottt ettt ettt ottt ottt ottt sttt ottt ottt ettt sttt ottt ottt

CALCULATE ANGLE ©

+ + + + + + *F ++ ++ ottt + + + + + +
* + + ¥ F o FFFFFFFFFFAFFAFEAFFEFEFEFEAFEFEFEAFEFEFFEAFFAFEAFEFEFEFEFEAFEFEFEAFEFEFEFEFFEAFEAFEFEAFEFEFEAFEAFEFEAFEAFEFEFEFEFFEAFEFEAFEFEFAFEAFEFEAFEFEFEFEFEFAFEAFEFEAFEFEFEAFEAFEFEAFEAFEFEAFEAFFEAFEAFEFEFEFEFEAFEAFEFEFEAFEFEFEAFEFEFEFEFFFE
+ + + F o FFFFEF A FFE A FFFFFEFEFFEFEFEFEFFE A F A FFEFFEFEFFEFFE A FEFE A FFEEFFEFFEFEFFE A FEEFFEFFFEFFE A FF A FFEFEFEFEFEFEFEFE

+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+ + + + + + + + + F + + F +
+ + + +

+ + + + + + + + + + + +
+ + + + + + + + + + + +
+* + + ¥ + + ¥+ F FF A+

+*

+ +
+
+ +

+ +

+ +
+ +

e +8204

LA I N BN NN RN RN B R BB E BB EEEEBEEEBEEBEEBEBEEBEEEBEEBEREEBEEEBEBEEREBEREBEEBREEEBEEBEEERBEREEBEREBEREBEEBEBEBEBEBEREBEEERBRBEBEREREBEEREBEEBREEEBEEREBEERBEBIEREIEINEIBEBIEEIEINEIEIEZSIEM,.

CALCULATE

+ + + + +

+ + + + + + ¥ + + + +

+ + + + + + + +
+ + + + + F + Attt
+ + + +

ARRANGEMENT POSITION i

+ + + F o+ FF A F A F A FFEFFFFFEFFE A FEF A FFEFEFFEFFEFEFFE A FFEFEFFEFFE A FEFE A FFEFEFFEFFEFEFFE A FFEFFEFFEFEFFE A+
+ + + + + + F + + ++ ottt
* + + ¥ F F o FFFFFFFFFFEAFFAFEAFFEFEFEFAFEAFEFEAFEFEFEAFEAFFEAFEAFEFEFEFEFEFEAFEFEAFEAFEFEFEFEFFEFEFFFEFF +++ + + + F F F FFFFFFFEFFFEFFFFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEF A FF

+ + + + + + + + + + + +++ A+ttt



US 10,692,409 B2

1

INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD,
AND COMPUTER PROGRAM PRODUCT

FOR ARRANGING A PLANAR IMAGE IN A
FULL-SPHERICAL PANORAMIC IMAGLE

OBTAINED BY IMAGING AN
OMNIDIRECTIONAL RANGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation application of
International Application No. PCT/IP2016/061059, filed
Apr. 5, 2016, which claims priority to Japanese Patent
Application No. 2013-077766, filed Apr. 6, 2015. The con-
tents of these applications are incorporated herein by refer-
ence 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an information processing,
apparatus, an mformation processing method, and a com-
puter program product.

2. Description of the Related Art

A technology to paste and display a full-spherical pan-
oramic 1mage obtained by imaging an ommnidirectional
range, on an inner wall of a virtual three-dimensional sphere
has been disclosed.

Furthermore, a technology to embed and display various
images indicating a date and time, a creator, a version, or the
like 1n the full-spherical panoramic image has been dis-
closed.

However, conventionally, when other images are embed-
ded 1n a full-spherical panoramic image, embedding 1mages
having been embedded are displayed such that the embed-
ding 1images are distorted along a three-dimensional sphere.

SUMMARY OF THE INVENTION

According to one aspect of the present mvention, an
information processing apparatus includes a pasting unit, an
acquiring unit, a generating unit, a calculating unit, and a
display control unit. The pasting unit 1s configured to paste
a full-spherical panoramic image obtained by imaging an
omnidirectional range, along an mner wall of a virtual

three-dimensional sphere arranged in a virtual three-dimen-
sional space. The acquiring unit 1s configured to acquire an
embedding i1mage to be embedded in the full-spherical
panoramic 1mage. The generating unit 1s configured to
generate a planar image obtained by pasting the embedding
image on a two-dimensional plane. The calculating unit 1s
configured to calculate an arrangement position for arrang-
ing the planar 1image closer to a center point of the virtual
three-dimensional sphere than the inner wall, in such an
orientation that a line-of-sight direction from the center
point to the mner wall and a perpendicular line of the planar
image are parallel to each other the display control unit is
configured to display a display image on a display unit, the
display image being obtained by converting a state in which
the full-spherical panoramic 1mage 1s pasted along the inner
wall of the virtual three-dimensional sphere and the planar
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image 1s arranged at the arrangement position, to a two-
dimensional 1mage viewed from the center point in the
line-of-sight direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an information process-
ing system according to an embodiment;

FIG. 2A 1s a schematic view of an exterior of an imaging,
device;

FIG. 2B 1s a schematic view of the exterior of the imaging
device;

FIG. 2C 1s a schematic view of the exterior of the imaging,
device;

FIG. 3 1s a view 1llustrating an example of usage of the
imaging device;

FIG. 4A 15 a view for explaining an image captured by the
imaging device;

FIG. 4B 1s a view for explaining an image captured by the
imaging device;

FIG. 4C 1s a view for explaining an image captured by the
imaging device;

FIG. § 1s a diagram for explaining a hardware configu-
ration of an information processing apparatus;

FIG. 6 1s a schematic diagram illustrating a functional
configuration of the information processing apparatus;

FIG. 7 1s a view for explaiming pasting;

FIG. 8 15 a view 1llustrating an example of a full-spherical
panoramic 1mage;

FIG. 9 15 a view 1llustrating an example of an embedding
image and a planar 1mage;

FIG. 10 1s a diagram for explaining a calculation of an
arrangement position;

FIG. 11 1s a view 1illustrating an example of a display
1mage;

FIG. 12 1s a flowchart 1llustrating an example of the flow
ol information processing; and

FIG. 13 1s a flowchart 1llustrating an example of the flow
ol an arrangement position calculation process.

The accompanying drawings are intended to depict exem-
plary embodiments of the present invention and should not
be interpreted to limit the scope thereot. Identical or similar

reference numerals designate i1dentical or similar compo-
nents throughout the various drawings.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the present ivention.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

In describing preferred embodiments illustrated 1n the
drawings, specific terminology may be employed for the
sake of clanty. However, the disclosure of this patent
specification 1s not intended to be limited to the specific
terminology so selected, and 1t 1s to be understood that each
specific element includes all technical equivalents that have
the same function, operate 1n a similar manner, and achieve
a similar result.

An embodiment of the present invention will be described
in detail below with reference to the drawings.

Embodiments of the present invention will be described
below.
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FIG. 1 1s a schematic diagram of an imnformation process-
ing system 10 according to an embodiment.

The information processing system 10 includes an infor-
mation processing apparatus 12, a display unit 16, and an
operating umt 18. The information processing apparatus 12,
the display unit 16, and the operating unit 18 are commu-
nicably connected to one another via a wireless or wired
communication unit, such as a network.

In the communication unit, for example, a short-range
wireless technology, a wireless communication network
using a mobile communication system, the Internet, or the
like 1s used. Examples of the short-range wireless technol-
ogy include Bluetooth (registered trademark). Examples of
the wireless communication network using a mobile com-
munication system include third generation (3G) and World-
wide Interoperability for Microwave Access (WiIMAX).

The display unit 16 1s a commonly used display device for
displaying an image. For example, a liquid crystal display,
an organic electroluminescent (EL) display, or the like may
be used.

The operating unit 18 has a function to receive various
operation instructions from a user. In the example 1llustrated
in FIG. 1, the operating unit 18 includes a keyboard 18A, a
mouse 18B, and a user interface (UI) umt 18C.

The Ul unit 18C 1s a device that has a touch panel function
to receive mput of an operation from a user and display
various 1mages. That 1s, the Ul unit 18C has a function of a
display unit.

As the Ul umit 18C, for example, a computer, such as a
smartphone, a tablet terminal, a notebook personal com-
puter, a desktop personal computer, or a personal data
assistant (PDA), 1s used. The UI unit 18C and the informa-
tion processing apparatus 12 are illustrated to be connected
by wire 1n FIG. 1, but may be connected wirelessly. Spe-
cifically, in the case of a wireless connection, 1t may be
possible to provide the information processing apparatus 12
on the Internet and cause the Ul unit 18C to operate the
information processing apparatus 12 to perform editing over
a network.

In the embodiment, a case 1n which a smartphone or a
tablet terminal 1s used as the UI unit 18C will be described;
however, any configuration with a touch panel function 1s
applicable.

The information processing system 10 may include other
kinds of operating units rather than the keyboard 18A, the
mouse 18B, and the UI unit 18C, or may further include a
plurality of imaging devices 14.

The information processing apparatus 12 1s a computer
that performs display and editing of material. In the embodi-
ment, the information processing apparatus 12 controls
display of an 1mage on the display unit 16 or the UI unit 18C.

If the UI umt 18C 1s a computer, such as a smartphone or
a tablet terminal, the functions of the information processing
apparatus 12 may be implemented 1n the UI umt 18C.

In the embodiment, the information processing apparatus
12 displays a full-spherical panoramic image on the display
unit 16 or the Ul unit 18C.

The full-spherical panoramic 1image 1s a panoramic 1mage
obtained by imaging a full-spherical (360-degree omnidi-
rectional) range. In other words, the full-spherical pan-
oramic 1mage 1s a panoramic image obtained by obtaining an
image 1n a solid angle of 4m steradian and i1maging a
tull-spherical range. The panoramic 1mage 1s an 1image with
an angle ol view wider than an aspect ratio of a display
device on which the image is finally output.

In the following, for simplicity of explanation, a case in
which the information processing apparatus 12 displays a
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tull-spherical panoramic 1mage on the display unit 16, will
be described. However, the mnformation processing appara-
tus 12 may display a full-spherical panoramic 1image on the
Ul unit 18C. Furthermore, 1if the Ul umit 18C has the
functions of the information processing apparatus 12, the Ul
umt 18C displays a full-spherical panoramic image on a
display unit provided on the UI unit 18C.

For example, the information processing apparatus 12
may store a full-spherical panoramic 1image 1n a storage unit
in advance, and acquire the full-spherical panoramic image
from the storage unit. For another example, the information
processing apparatus 12 may acquire a full-spherical pan-
oramic 1mage from an 1maging device.

An 1maging device that captures a full-spherical pan-
oramic 1image will be described. FIG. 2 (FIG. 2A to FIG. 2C)
are schematic views ol an exterior of the imaging device 14.
FIG. 2A 15 a side view of the imaging device 14. FI1G. 2B 1s
a side view of the imaging device 14 on the side opposite to
FIG. 2A. FIG. 2C 1s a plan view of the imaging device 14.

As illustrated in FIG. 2A, the imaging device 14 has a size
that allows a person to hold the imaging device 14 1n one
hand, for example. The size of the imaging device 14 1s not
limited to this example. The imaging device 14 1s an 1imaging
device that obtains a full-spherical panoramic image.

As 1llustrated 1n FIG. 2 (FIG. 2A to FIG. 2C), 1n an upper
part of the imaging device 14, a lens 20A 1s provided at a
front side (at one surface side) and a lens 20B 1s provided at
a back side (at the other surface side). An 1image 1s conducted
through each of the wide-angle lenses with an angle of view
of 180 degrees or greater, and the 1image 1s formed on each
of 1maging clements. Examples of the imaging clements
include a charge coupled device (CCD) and a complemen-
tary metal-oxide semiconductor (CMOS). Furthermore, as
illustrated 1n FIG. 2B, an operating unit 14C, such as a
shutter button, 1s provided at the front side of the imaging
device 14.

As the imaging device 14 that obtains a full-spherical
panoramic 1image, an imaging device described in Japanese
Patent Application Laid-open No. 2014-165764 may be
used, for example.

Next, with reference to FIG. 3, an example of usage of the
imaging device 14 will be described. FIG. 3 1s a view
illustrating an example of the usage of the imaging device
14. As 1llustrated 1n FI1G. 3, the imaging device 14 1s held 1n
the hand of a user to 1image objects around the user. In this
case, the 1maging elements captures images conducted
through the lens 20A and the lens 20B to image the objects
around the user, so that two hemispherical 1images are
obtained and an 1mage in the solid angle of 4 steradian 1s
obtained.

Next, with reference to FIG. 4, an image captured by the
imaging device 14 will be described. FIG. 4 (FIG. 4A to
FIG. 4C) are views for explaining an image captured by the
imaging device 14. FIG. 4A 1illustrates a hemispherical
image 42A captured by the lens 20A. FIG. 4B illustrates a
hemispherical image 42B captured by the lens 20B. FIG. 4C
illustrates a full-spherical panoramic 1mage 42 represented
by the Mercator projection.

As 1llustrated 1n FIG. 4A, the lens 20A 1s a fisheye lens
that 1s one of wide angle lenses; therefore, an 1mage obtained
by the lens 20A 1s the curved hemispherical image 42A.
Furthermore, as illustrated in FIG. 4B, the lens 20B 1s a
fisheye lens that 1s one of wide angle lenses; therefore, an
image obtained by the lens 20B is the curved hemispherical
image 42B. Then, the hemispherical image 42A and the
hemispherical 1image 42B are synthesized by the imaging
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device 14, so that the full-spherical panoramic image 42 as
illustrated 1n FIG. 4C 1s generated.

Referring back to FIG. 1, when the imaging device 14 1s
connected to the mformation processing apparatus 12, the
tull-spherical panoramic 1image 42 obtained by the imaging
device 14 i1s transmitted from the imaging device 14 to the
information processing apparatus 12. In the embodiment, the
imaging device 14 transmits the full-spherical panoramic
image 42 to the information processing apparatus 12.

The information processing apparatus 12 acquires the
tull-spherical panoramic image 42 from the imaging device
14.

Then, the mformation processing apparatus 12 displays
the acquired full-spherical panoramic image 42 on the
display unit 16, the UI unit 18C, or the like using open
graphic library (OpenGL).

Next, a hardware configuration of the immformation pro-
cessing apparatus 12 will be described.

FIG. 5 1s a diagram for explaining the hardware configu-
ration of the information processing apparatus 12.

The information processing apparatus 12 includes a cen-
tral processing unit (CPU) 30 that controls operations of the
entire information processing apparatus 12, a read only
memory (ROM) 32 that stores therein a program, such as
initial program loader (IPL), used to drive the CPU 30, a
random access memory (RAM) 34 used as a work area of the
CPU 30, a hard disk (HD) 38 that stores therein various
kinds of data, such as a program used for the information
processing apparatus 12, and a hard disk drive (HDD) 36
that controls read and write of various kinds of data to and
from the HD 38 under the control of the CPU 30.

Furthermore, the information processing apparatus 12
includes a media drive 507 that controls read and write
(storage) of data to and from a recording medium 506, such
as a flash memory, a display 508 that displays various
images, an interface (I'F) 509 for communicating with the
imaging device 14 and the operating unit 18 (the keyboard
18A, the mouse 18B, and the UI unit 18C), a compact disc
read only memory (CD-ROM) drive 514 that controls read
and write of various kinds of data to and from a CD-ROM
513 that 1s one example of a removable recording medium,
and a bus line 510 that electrically connects the above-
described components.

An mformation processing program for executing infor-
mation processing performed by the mnformation processing
apparatus 12 i1s incorporated 1 the ROM 32 or any other
non-volatile storage medium 1n advance, to be provided.
Furthermore, the information processing program executed
by the information processing apparatus 12 may be recorded
in a computer-readable recording medium (for example, the
CD-ROM 513), such as a CD-ROM, a flexible disk (FD), a
compact disc recordable (CD-R), or a digital versatile disk
(DVD), in a computer-installable or computer-executable
file format, to be provided.

Moreover, the information processing program executed
by the information processing apparatus 12 may be stored in
a computer connected to a network, such as the Internet, and
may be downloaded via the network, to be provided or
distributed.

Furthermore, the information processing program
executed by the information processing apparatus 12 may be
incorporated 1 the ROM 32 or the like 1n advance, to be
provided.

Next, a functional configuration of the information pro-
cessing apparatus 12 will be described.

FIG. 6 1s a schematic diagram 1llustrating the functional
configuration of the information processing apparatus 12.
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The imnformation processing apparatus 12 includes a control
umt 52, the operating unit 18, such as the UI unit 18C, and
the HD 38. The control unit 52 1s electrically connected to
the imaging device 14, the display unit 16, the operating unit
18, such as the UI unmit 18C, and the HD 38.

The control unit 52 1s a computer that controls the entire
information processing apparatus 12 and includes the CPU
30, the ROM 32, the RAM 34, or the like as described above.
The control unit 52 may be constructed by a circuit or the
like.

The control umt 352 includes a connecting unit 54, an
importing unit 56, a pasting unit 58, an acquiring unit 60, a
generating umt 62, a calculating unit 64, and a display
control unit 66.

A part or all of the connecting unit 54, the importing unit
56, the pasting unit 58, the acquiring unit 60, the generating
unmit 62, the calculating unit 64, and the display control unit
66 may be implemented by causing a processor, such as a
CPU, to execute a program, that 1s, by software, for
example. A part or all of the connecting unit 34, the
importing unmt 56, the pasting unit 58, the acquiring unit 60,
the generating unit 62, the calculating unit 64, and the
display control umt 66 may be implemented by hardware,
such as an integrated circuit (IC), or by a combination of
software and hardware.

Specifically, the information processing program
executed by the mnformation processing apparatus 12 has a
module structure including the above-described units (the
connecting unit 54, the importing unit 36, the pasting unit
58, the acquiring umt 60, the generating umt 62, the calcu-
lating umt 64, and the display control unit 66). As actual
hardware, the CPU 30 reads and executes the information
processing program from a storage medium, so that the
above-described units are loaded on a main storage device
and generated on the main storage device.

The connecting unit 54 establishes connection to the
imaging device 14. For example, the connecting unit 54
performs communication control to establish a connection in
accordance with a communication protocol that 1s defined 1n
advance together with the imaging device 14, when the
imaging device 14 1s connected to the information process-
ing apparatus 12 1 a wired or wireless manner. With this
operation, the connecting unit 54 establishes connection to
the 1maging device 14.

The importing unit 56 imports the full-spherical pan-
oramic 1mage 42 from the imaging device 14. It may be
possible to store, 1n the HD 38, the full-spherical panoramic
image 42 imported from the imaging device 14. In this case,
the 1mporting unit 56 may import the full-spherical pan-
oramic 1mage 42 from the HD 38.

The pasting unit 58 pastes the full-spherical panoramic
image 42 obtained by imaging an omnidirectional range,
along an iner wall of a virtual three-dimensional sphere
arranged 1n a virtual three-dimensional space. FIG. 7 1s a
view for explaining pasting.

The pasting unit 58 arranges a virtual three-dimensional
sphere CS 1n a virtual three-dimensional space. The virtual
three-dimensional sphere CS may be a sphere whose cross
section 1s perfectly circular, or an ellipsoid whose cross
section 1s elliptical. In FIG. 7, as one example, the virtual
three-dimensional sphere CS that 1s a sphere whose cross
section 1s perfectly circular 1s 1llustrated.

The pasting unit 58 pastes the full-spherical panoramic
image 42 on an inner wall A of the virtual three-dimensional
sphere CS. The pasted full-spherical panoramic image 42 1s
referred to as a full-spherical panoramic image 40 1n the
description below. The pasting umit 38 may paste the full-
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spherical panoramic 1mage 42 on the virtual three-dimen-
sional sphere CS using a three-dimensional (3D) graphic
engine, such as OpenGL.

FIG. 8 1s a view illustrating an example of the full-
spherical panoramic 1mage 40. As illustrated 1n FIG. 8, the
tull-spherical panoramic 1mage 40 1s obtained by pasting the
tull-spherical panoramic image 42 (see FIG. 4C) on the
inner wall A of the virtual three-dimensional sphere CS.
FIG. 8 illustrates the full-spherical panoramic image 40
representing a state 1n which the inner wall A 1s observed in
a certain line-of-sight direction from a center point P of the
virtual three-dimensional sphere CS (see FIG. 7).

Referring back to FIG. 6, the acquiring unit 60 acquires an
embedding 1mage to be embedded in the full-spherical
panoramic 1mage 42.

The embedding 1mage may be any image to be embedded
in the full-spherical panoramic 1image 42, and specified by an
operation mstruction performed on the operating unit 18 by
a user. The embedding 1mage 1s, for example, a character
image representing a character.

The generating unit 62 generates a planar image 1n a form
such that the embedding image 1s pasted on a two-dimen-
sional plane. That 1s, the generating unit 62 arranges a
two-dimensional plane (for example, a plate-like member)
in the virtual three-dimensional space, and then pastes the
embedding 1mage on the two-dimensional plane, to generate
the planar 1mage.

FIG. 9 1s a schematic view 1llustrating an example of an
embedding 1mage 44 and a planar image 46. As 1llustrated
in FIG. 9, the embedding image 44 1s, for example, a
character image, such as “OQ building”. The generating
unit 62 generates the planar 1mage 46 obtained by pasting
the embedding image 44 on a two-dimensional plane, for
example.

The acquiring umt 60 may further acquire shape infor-
mation indicating a shape of the embedding 1image 44. For
example, a user operates the Ul unit 18C to mput an image
to be embedded and shape information indicating the shape
of the embedding 1mage 44. The acquiring unit 60 acquires
the embedding image 44 that 1s a target image to be
embedded, and the shape information from the Ul unit 18C.
The acquiring unit 60 may turther acquire size information
indicating a size of the embedding image 44. The size may
be mput appropriately by an operation 1nstruction performed
on the Ul unit 18C by the user. The size information 1is
information indicating a display size of the embedding
image 44.

As a shape of the planar 1image 46, a shape 1n which the
embedding 1mage 44 can be accommodated 1s suilicient.
When the acquiring unit 60 acquires the shape information
indicating the shape of the embedding 1image 44, the gen-
erating unit 62 may generate the planar image 46 obtained
by pasting the embedding 1image 44 on a two-dimensional
plane with a shape indicated by the shape information.

Therelore, for example, 11 the shape information indicates
a quadrilateral shape, the generating unit 62 generates the
planar image 46 obtained by pasting the embedding 1mage
44 on a quadrilateral two-dimensional plane. For another
example, 1f the shape information indicates an elliptical
shape, the generating umit 62 may generate the planar image
46 obtained by pasting the embedding image 44 1s pasted on
an elliptical two-dimensional plane.

Furthermore, when the acquiring unit 60 acquires the size
information, the generating unit 62 may generate the planar
image 46 with a display size indicated by the size informa-
tion.
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Retferring back to FIG. 6, the calculating unit 64 calcu-
lates an arrangement position for arranging the planar image
46 closer to the center point P than the iner wall A of the
virtual three-dimensional sphere CS. In this case, the cal-
culating unit 64 calculates the arrangement position such
that the planar 1image 46 1s arranged closer to the center point
P than the inner wall A of the virtual three-dimensional
sphere CS (so as to be accommodated 1n the virtual three-
dimensional sphere CS), 1n such an orientation that a line-
of-sight direction from the center pomnt P of the virtual
three-dimensional sphere CS to the mmner wall A and a
perpendicular line of the planer image 46 are parallel to each
other.

FIG. 10 1s a diagram for explaining a calculation of the
arrangement position.

First, the calculating unit 64 arranges the planar image 46
such that a line-of-sight direction L from the center point P
to the mner wall A and a perpendicular line of the planer
image 46 are parallel to each other.

Then, the calculating unit 64 calculates how much the
planar image 46 should be moved from the 1mnner wall A to
the center point P along the line-of-sight direction L to
arrange the entire planar image 46 such that the entire planar
image 46 1s accommodated in the virtual three-dimensional
sphere CS while maintaining the above-described orienta-
tion.

Specifically, the calculating unit 64 acquires a size of the
planar image 46. The calculating unit 64 may acquire the
size indicated by the size information acquired by the
acquiring unit 60, or may acquire the size from the planar
image 46 generated by the generating unit 62.

More specifically, the calculating unit 64 acquires a
maximum length of the planar 1image 46 as a size d. The
maximum length indicates a maximum length among sides
and diagonal lines of the planar image 46. When the planar
image 46 has a rectangular shape, the calculating unit 64
acquires a length of a diagonal line of the planar image 46
as the size d. Furthermore, when the planar image 46 has a
circular shape (a true circular shape), the calculating unit 64
acquires a diameter of the planar 1mage 46 as the size d.

Subsequently, based on a radius r of the virtual three-
dimensional sphere CS and the acquired size d, the calcu-
lating umt 64 calculates an angle 0 between two sides
corresponding to the radius r around the center point P 1n a
triangle formed by three sides including the two sides
corresponding to the radius r and one side corresponding to
the size d, 1n accordance with Expressions (1) and (2) below.

cos 0=(2r"-d*)/2+° (1)

O=arccos((2r°-d*)/2r°) (2)

Subsequently, based on the radius r of the virtual three-
dimensional sphere CS and the calculated angle 0, the
calculating unit 64 calculates a movement amount h by
which the planar image 46 1s to be moved from the inner
wall A to the center point P along the line-of-sight direction
L. 1n accordance with Expression (3) below.

h=rx(1-cos(0/2)) (3)

Then, the calculating unit 64 calculates, as the arrange-
ment position of the planar image 46, a position at which the
planar image 46 1s moved from the inner wall A toward the
center point P by the movement amount h along the line-
of-sight direction L (1.e., a position of (r-h) from the center
point P) while maintaining the orientation in which the
perpendicular line of the planer image 46 1s parallel to the
line-of-sight direction L.
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Therefore, as illustrated 1n FIG. 10, the planar image 46
arranged at the calculated arrangement position (the position
separated from the mner wall A by the movement amount h)
1s brought into a state in which the planar 1mage 46 1is
accommodated 1n the virtual three-dimensional sphere CS,
and the perpendicular line i1s parallel to the line-of-sight
direction L. Furthermore, the planar image 46 1s arranged at
a position closer to the center point P than the inner wall A
of the virtual three-dimensional sphere CS.

Referring back to FIG. 6, the display control unit 66
generates a display image obtained by converting a state 1n
which the full-spherical panoramic 1image 40 1s pasted on the
inner wall A of the virtual three-dimensional sphere CS and
the planar 1image 46 1s arranged at the arrangement position
calculated by the calculating unit 64, to a two-dimensional
image viewed from the center point P in the line-of-sight
direction L.

The conversion from the above-described state to the
two-dimensional image may be performed using 3D graphic
engine (OpenGL or the like).

Then, the display control unit 66 displays the generated
display 1mage on the display unit 16 or the UI unit 18C.

FIG. 11 1s a view 1illustrating an example of a display
image 48. As illustrated 1n FIG. 11, the display control unit
66 displays the display image 48 on the display unit 16 or the
UI unmt 18C.

The display image 48 1s an image in which the planar
image 46 obtained by pasting the embedding image 44 on a
two-dimensional plane 1s synthesized on the full-spherical
panoramic 1mage 40.

In this example, the full-spherical panoramic image 40 1s
an 1mage obtained by pasting the full-spherical panoramic
image 42 on the inner wall A of the virtual three-dimensional
sphere CS. Therefore, the image 1s distorted as compared to
an actual landscape (see FIG. 11).

Here, the display image 48 i1s an image representing a
state 1n which the planar image 46 obtained by pasting the
embedding image 44 on a two-dimensional plane 1s arranged
at the calculated arrangement position 1n the virtual three-
dimensional sphere CS, 1n such an orientation that the
line-of-sight direction L from the center point P to the mner
wall A and the perpendicular line of the planer image 46 are
parallel to each other, and 1s viewed from the center point P
in the line-of-sight direction L. That 1s, the embedding image
44 1s arranged 1n front of (closer to the center point P than)
a three-dimensional model formed by the full-spherical
panoramic 1mage 40.

Therefore, the planar image 46 included in the display
image 48 represents a state in which the planar image 46 1s
viewed 1n a perpendicular direction with respect to the
line-of-sight direction L. That 1s, the planar image 46 1is
displayed without distortion.

Next, an editing process performed by the control unit 52
of the information processing apparatus 12 will be
described.

FIG. 12 1s a flowchart illustrating the flow of information
processing performed by the control unit 32 of the informa-
tion processing apparatus 12.

First, the importing unit 56 acquires the full-spherical
panoramic 1mage 42 to be displayed on the display unit 16
(Step S100). For example, a user operates the Ul unit 18C
to specily the full-spherical panoramic image 42 as a display
target. The importing unit 36 acquires, from the HD 38, the
tull-spherical panoramic 1mage 42 that 1s a display target
received from the Ul unit 18C. The importing unit 56 may
acquire the full-spherical panoramic image 42 from the
imaging device 14.
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Subsequently, the pasting unit 58 pastes the tull-spherical
panoramic 1mage 42 acquired at Step S100 on the mnner wall
A of the virtual three-dimensional sphere CS arranged in the
virtual three-dimensional space (Step S102) (see FIG. 7 and
FIG. 8).

Then, the acquiring unit 60 acquires the embedding image
44 to be embedded 1n the full-spherical panoramic image 42
(Step S104). Subsequently, the generating unmit 62 generates
the planar 1mage 46 obtained by pasting the embedding
image 44 on a two-dimensional plane (Step S106).

Then, the calculating unit 64 calculates an arrangement
position for arranging the planar image 46 closed to the
center point P than the inner wall A of the virtual three-
dimensional sphere CS (Step S108) (details will be
described later).

Subsequently, the display control unit 66 pastes the full-
spherical panoramic 1mage 40 on the inner wall A of the
virtual three-dimensional sphere CS and arranges the planar
image 46 at the arrangement position calculated at Step
S108 (Step S110). Then, the display control unit 66 gener-
ates the display image 48 obtained by converting the above-
described state to a two-dimensional 1mage viewed from the
center point P in the line-of-sight direction L.

Subsequently, the display control unit 66 displays the
generated display image on the display unit 16 or the UI unit
18C (Step S112). Then, the routine 1s finished.

Next, an arrangement position calculation process per-
formed at Step S108 1n FIG. 12 will be described. FIG. 13
1s a flowchart illustrating the flow of the arrangement
position calculation process.

First, the calculating unit 64 arranges the planar image 46
such that the line-of-sight direction L from the center point
P toward the mner wall A and the perpendicular line of the
planer image 46 are parallel to each other. Then, the calcu-
lating unit 64 acquires a size of the planar image 46 (Step
S200). For example, the calculating unit 64 acquires the
maximum length of the planar image 46 as the size d.

Subsequently, the calculating unit 64 calculates the angle
0 between the two sides corresponding to the radius r around
the center pomnt P in the tniangle formed by three sides
including the two sides corresponding to the radius r and one
side corresponding to the size d, based on the radius r of the
virtual three-dimensional sphere CS and the acquired size d
in accordance with Expression (1) and (2) as described
above (Step S202).

Then, the calculating unit 64 calculates, as the arrange-
ment position of the planar image 46, a position at which the
planar image 46 1s moved from the inner wall A toward the
center point P by the movement amount h along the line-
of-sight direction L (i.e., the position of (r-h) from the center
point P) (Step S204). Then, the routine 1s finished.

As described above, the information processing apparatus
12 according to the embodiment includes the pasting unit 38,
the acquiring unit 60, the generating umt 62, the calculating
unmt 64, and the display control unit 66. The pasting unit 58
pastes the full-spherical panoramic image 42 obtained by
imaging an omnidirectional range, along the mner wall A of
the virtual three-dimensional sphere CS arranged in the
virtual three-dimensional space. The acquiring unit 60
acquires the embedding 1mage 44 to be embedded 1n the
tull-spherical panoramic image 42. The generating unit 62
generates the planar image 46 obtained by pasting the
embedding 1mage 44 on the two-dimensional plane. The
calculating unit 64 calculates an arrangement position for
arranging the planar image 46 closer to the center point P
than the inner wall A of the virtual three-dimensional sphere
CS, 1n such an orientation that the line-of-sight direction L
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from the center point P to the mner wall A of the virtual
three-dimensional sphere CS and the perpendicular line of
the planer image 46 are parallel to each other. The display
control unit 66 displays, on the display unit 16, the display
image 48 obtamned by converting a state in which the
tull-spherical panoramic 1mage 40 1s obtained by pasting the
tull-spherical panoramic image 42 along the inner wall A of
the virtual three-dimensional sphere CS and the planar
image 46 1s arranged at the arrangement position, to a
two-dimensional 1image viewed from the center point P in
the line-of-sight direction L.

Therefore, the planar image 46 included in the display
image 48 represents a state in which the planar 1mage 46 1s
viewed 1 a perpendicular direction with respect to the
line-of-sight direction L. That 1s, the planar i1mage 46
embedded i1n the full-spherical panoramic 1image 40 1s dis-
played without distortion.

Consequently, in the information processing apparatus 12
according to the embodiment, the embedding image 44
embedded 1n the full-spherical panoramic 1image 42 can be
displayed without distortion.

Conventionally, the embedding image 44 1s embedded
along the 1nner wall A on the full-spherical panoramic image
40 that 1s obtained by arranging the full-spherical panoramic
image 42 along the mner wall A of the virtual three-
dimensional sphere CS. Therefore, conventionally, the
embedding 1mage 44 1s displayed in a distorted manner
along the mner wall A of the virtual three-dimensional
sphere CS.

In contrast, 1n the embodiment, the information process-
ing apparatus 12 generates the planar image 46 obtained by
pasting the embedding 1mage 44 to be embedded in the
tull-spherical panoramic image 42, on a two-dimensional
plane, and arranges the planar image 46 closer to the center
point P than the mner wall A of the virtual three-dimensional
sphere CS. Therelfore, the planar image 46 embedded 1n the
tull-spherical panoramic image 40 1s displayed without
distortion.

Furthermore, it 1s preferable that the virtual three-dimen-
sional sphere CS 1s a sphere whose cross section 1s perfectly
circular or an ellipsoid whose cross section 1s elliptical.

Moreover, 1t 1s preferable that the embedding image 44
includes a character image.

Furthermore, the acquiring unit 60 may acquire shape
information indicating a shape of the embedding image 44,
and the generating unit 62 may generate the planar image 46
obtained by pasting the embedding image 44 on a two-
dimensional plane with a shape indicated by the shape
information.

According to an embodiment of the present invention, 1t
1s possible to display an embedding image embedded 1n a
tull-spherical panoramic 1image without distortion.

According to the present invention, an effect of enabling
the detection error of the interval between the patch images
on the secondary transfer belt to be reduced and of enabling
an excellent color image having a small color shift or a small
color matching variation to be obtained, 1s achieved.

The above-described embodiments are 1llustrative and do
not limit the present invention. Thus, numerous additional
modifications and varnations are possible 1 light of the
above teachings. For example, at least one element of
different illustrative and exemplary embodiments herein
may be combined with each other or substituted for each
other within the scope of this disclosure and appended
claims. Further, features of components of the embodiments,
such as the number, the position, and the shape are not
limited the embodiments and thus may be preferably set. It
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1s therefore to be understood that within the scope of the
appended claims, the disclosure of the present invention
may be practiced otherwise than as specifically described
herein.

The method steps, processes, or operations described
herein are not to be construed as necessarily requiring their
performance in the particular order discussed or 1llustrated,
unless specifically identified as an order of performance or
clearly identified through the context. It 1s also to be
understood that additional or alternative steps may be
employed.

Further, any of the above-described apparatus, devices or
units can be implemented as a hardware apparatus, such as
a special-purpose circuit or device, or as a hardware/sofit-
ware combination, such as a processor executing a software
program.

Further, as described above, any one of the above-de-
scribed and other methods of the present invention may be
embodied in the form of a computer program stored in any
kind of storage medium. Examples of storage mediums
include, but are not limited to, flexible disk, hard disk,
optical discs, magneto-optical discs, magnetic tapes, non-
volatile memory, semiconductor memory, read-only-
memory (ROM), eftc.

Alternatively, any one of the above-described and other
methods of the present invention may be implemented by an
application specific integrated circuit (ASIC), a digital sig-
nal processor (DSP) or a field programmable gate array
(FPGA), prepared by interconnecting an appropriate net-
work of conventional component circuits or by a combina-
tion thereof with one or more conventional general purpose
microprocessors or signal processors programmed accord-
ingly.

Each of the functions of the described embodiments may
be implemented by one or more processing circuits or
circuitry. Processing circuitry includes a programmed pro-
cessor, as a processor includes circuitry. A processing circuit
also includes devices such as an application specific inte-
grated circuit (ASIC), digital signal processor (DSP), field
programmable gate array (FPGA) and conventional circuit
components arranged to perform the recited functions.

REFERENCE SIGNS LIST

10 INFORMAITION PROCESSING SYSTEM

12 INFORMAITION PROCESSING APPARATUS
16 DISPLAY UNIT
18C Ul UNIT

38 PASTING UNIT

60 ACQUIRING UNIT
62 GENERATING UNIT

64 CALCULATING UNIT

66 DISPLAY CONTROL UNIT

What 1s claimed 1s:

1. An mnformation processing apparatus comprising:

a memory storing computer-readable instructions; and

at least one processor configured to execute the computer-
readable istructions to cause the information process-
ing apparatus to

paste a full-spherical panoramic image along an inner
wall of a virtual three-dimensional sphere arranged in
a virtual three-dimensional space, the full-spherical
panoramic 1mage obtained by 1maging an omnidirec-
tional range,

acquire an embedding image to be embedded in the
tull-spherical panoramic 1mage,



US 10,692,409 B2

13

generate a planar image obtained by pasting the embed-

ding 1mage on a two-dimensional plane,

calculate an arrangement position for arranging the planar

image closer to a center point of the virtual three-
dimensional sphere than the inner wall 1s to the center
point, in such an orientation that a line-of-sight direc-
tion from the center point to the inner wall and a
perpendicular line of the planar image are parallel to
cach other and an entire boundary of the planar image
1s within the virtual three-dimensional sphere, and
display a display image on a display unit, the display
image being obtained by converting a state 1n which the
full-spherical panoramic image 1s pasted along the
inner wall of the virtual three-dimensional sphere and
the planar 1mage 1s arranged at the arrangement posi-
tion, to a two-dimensional 1image viewed from the
center point 1n the line-of-sight direction, wherein

the at least one processor 1s configured to execute the

computer-readable instructions to cause the informa-
tion processing apparatus to acquire a size of the planar
image, determine an 1nsert minimum movement
amount from the mnner wall based on the acquired size
of the planar image and calculate the arrangement
position being the minimum movement amount, the
size ol the planar 1image being a maximum distance
between two points on the boundary of the planar
1mage.

2. The mmformation processing apparatus according to
claim 1, wherein the virtual three-dimensional sphere 1s one
of a sphere whose cross section 1s circular and an ellipsoid
whose cross section 1s elliptical.

3. The mnformation processing apparatus according to
claim 1, wherein the embedding 1image includes a character
image.

4. The information processing apparatus according to
claim 1, wherein the at least one processor 1s configured to
execute the computer-readable instructions to cause the
information processing apparatus to,

acquire shape information indicating a shape of the

embedding 1mage, and

generate the planar image obtained by pasting the embed-

ding 1mage on the two-dimensional plane with a shape
indicated by the shape information.

5. The information processing apparatus according to
claim 1, wherein the arrangement position 1s a position at
which the planar image 1s moved from the inner wall
towards the center point by the movement amount along the
line-of-sight direction from the center point to the inner wall.

6. The mformation processing apparatus according to
claim 1, wherein the at least one processor 1s configured to
execute the computer-readable instructions to cause the
information processing apparatus to acquire shape iforma-
tion of the embedding image and calculate the arrangement
position further based on the acquired shape information of
the embedding 1image.

7. An information processing method comprising:

pasting a full-spherical panoramic 1mage along an inner

wall of a virtual three-dimensional sphere arranged 1n
a virtual three-dimensional space, the full-spherical
panoramic 1mage obtained by imaging an omnidirec-
tional range;

acquiring an embedding 1mage to be embedded in the

tull-spherical panoramic 1mage;

generating a planar 1image obtained by pasting the embed-

ding 1mage on a two-dimensional plane;

calculating an arrangement position for arranging the

planar 1mage closer to a center point of the virtual
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three-dimensional sphere than the mner wall 1s to the

center point, 1n such an orientation that a line-of-sight

direction from the center point to the inner wall and a

perpendicular line of the planar 1mage are parallel to

cach other and an entire boundary of the planar image

1s within the virtual three-dimensional sphere, the cal-

culating including,

acquiring a size ol the planar 1image,

determining an 1insert mimmum movement amount
from the inner wall based on the acquired size of the
planar 1mage, and

calculating the arrangement position being the mini-
mum movement amount, the size of the planar image
being a maximum distance between two points on
the boundary of the planar 1image; and

displaying a display image on a display unit, the display

image being obtained by converting a state in which the
full-spherical panoramic image 1s pasted along the
inner wall of the virtual three-dimensional sphere and
the planar 1image 1s arranged at the arrangement posi-
tion, to a two-dimensional 1mage viewed from the
center point 1n the line-of-sight direction.

8. The method according to claim 7, wherein the acquiring,
acquires shape information of the embedding 1image and the
calculating calculates the arrangement position further based
on the acquired shape information of the embedding image.

9. A computer program product comprising a non-transi-
tory computer-readable medium containing an information
processing program, when executed by a computer, causes
the computer to perform:

pasting a full-spherical panoramic image obtained by

imaging an omnidirectional range, along an mnner wall
of a virtual three-dimensional sphere arranged 1n a
virtual three-dimensional space;

acquiring an embedding image to be embedded 1n the

tull-spherical panoramic 1mage;

generating a planar image obtained by pasting the embed-

ding 1image on a two-dimensional plane;

calculating an arrangement position for arranging the

planar 1mage closer to a center point of the virtual
three-dimensional sphere than the inner wall, 1n such an
orientation that a line-of-sight direction from the center
point to the mner wall and a perpendicular line of the
planar 1mage are parallel to each other and an entire
boundary of the planar image 1s within the virtual
three-dimensional sphere,

the calculating including,

acquiring a size ol the planar 1image,

determining an insert mimmum movement amount
from the inner wall based on the acquired size of the
planar 1mage, and

calculating the arrangement position being the mini-
mum movement amount, the size of the planar image
being a maximum distance between two points on
the boundary of the planar 1image; and

displaying a display image on a display unit, the display

image being obtained by converting a state in which the
full-spherical panoramic i1mage 1s pasted along the
inner wall of the virtual three-dimensional sphere and
the planar 1mage 1s arranged at the arrangement posi-
tion, to a two-dimensional 1mage viewed from the
center point 1 the line-of-sight direction.

10. The computer program product according to claim 9,
wherein the acquiring acquires shape information of the
embedding 1image and the calculating calculates the arrange-
ment position further based on the acquired shape informa-
tion of the embedding 1mage.
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11. An information processing apparatus comprising:
circuitry configured to cause the information processing
apparatus to
paste a full-spherical panoramic image along an inner
wall of a virtual three-dimensional sphere arranged
in a virtual three-dimensional space, the full-spheri-
cal panoramic image obtained by imaging an omni-
directional range,
acquire an embedding 1mage to be embedded 1n the
tull-spherical panoramic 1image,
generate a planar image obtained by pasting the embed-
ding 1mage on a two-dimensional plane,
calculate an arrangement position for arranging the
planar 1image closer to a center point of the virtual
three-dimensional sphere than the mner wall 1s to the
center point, in such an orientation that a line-of-
sight direction from the center point to the inner wall

and a perpendicular line of the planar image are
parallel to each other and an entire boundary of the
planar 1image 1s within the virtual three-dimensional
sphere, and
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display a display image on a display unit, the display

image being obtained by converting a state 1n which
the full-spherical panoramic 1mage 1s pasted along
the inner wall of the virtual three-dimensional sphere
and the planar 1mage 1s arranged at the arrangement
position, to a two-dimensional 1image viewed from
the center point in the line-of-sight direction,
wherein

the circuitry 1s configured to cause the information

processing apparatus to acquire a size ol the planar
image, determine an insert minimum movement
amount from the inner wall based on the acquired
size of the planar image and calculate the arrange-
ment position being the minimum movement
amount, the size of the planar 1mage being a maxi-
mum distance between two points on the boundary
of the planar 1image.
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